Long-lasting potentiation of a direct central connection between identified motor neurons in the locust.
The plasticity of the direct central connection between the fast extensor and the posterior fast flexor tibiae motor neurons in the locust (Schistocerca gregaria) metathoracic ganglion was studied. An action potential in the fast extensor results in a monosynaptic excitatory postsynaptic potential (EPSP) in the flexor motor neuron. Antidromic stimulation of the fast extensor at 100 Hz for 3.5 s resulted in a long-lasting potentiation of the EPSP amplitude. The potentiation was not dependent on feedback caused by movement of the tibia, and was associated with an increase in the input resistance of the flexor motor neuron. The potentiation was heterosynaptic, and was not affected by bath application of the N-methyl-D-aspartate receptor antagonist 2-amino-5-phosphonovaleric acid. The potentiation was voltage dependent, as hyperpolarizing the flexor motor neuron during the stimulation blocked the development of the potentiation whereas depolarizing the flexor in the absence of presynaptic activity caused potentiation of subsequent fast extensor-evoked EPSPs. The depolarization-induced potentiation was calcium dependent. Antidromic stimulation of the fast extensor at 100 Hz for 3.5 s also caused modulation of the presynaptic action potential. The spike duration was increased and the amplitude of the afterhyperpolarization reduced. These effects were dependent on movement of the tibia. Bath application of the 5-hydroxytryptamine (5-HT) receptor antagonist ketanserin blocked the changes in the presynaptic spike. The modulation was probably due to the release of 5-HT from proprioceptive afferents that monitor movement of the tibia about the femur. The modulation of the presynaptic action potential increases transmitter release onto the flexor motor neurons, and this acts in synergy with the postsynaptic modulation to potentiate the connection.